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ABSTRACT 


The objectives of this thesis are: 


(a) to attempt to analyze the stress dis- 
tribution Tieuiemeross SuruCtTUre cg smm. 
ASR-21 Class Catamaran by finite element 
analysis Uptliganie whe ICES STRUDE-it 
Program of the Massachusetts Institute of 
Technology, Department of Civil Engineering. 


s 

(b) to develop a set of plating effective- 
ness curves for a doubly symmetrical model 
of the catamaran cross structure based on 
CMG oWbbrmenmiceil 2 1 Tigyne Sikes ug. siaishllvisiis | shail 
to compare the values obtained from the 
actual cress suructures to these Curves. 


(ec) to attempt to draw some basic conclusions 
COncerning whe deste ef the a@elvual cress 
structures. 


This study is three dimensional in nature. Various 
geometric parameters are varied for the model to analyze what 
aeeect they produce on the resultant stresses in the cross 
structure. The breadth to depth (B/D), the length to breadth 
(L/B), and,the flange area to web area (A,/A.) ratios are the 
primary variables considered. A total of twénty-one (21) 
geometric variations are performed. 


The. catamaran cross structure and models are assumed to 
bee cut at the inboard side of each hull and removed for proper 
loading. The three loadings used are symmetric bending 
moment, antisymmetric bending moment and shear, and torsional 
moment. 


The stress distribution obtained from the model indicates 
that there is very little variation in the effectiveness at 
various B/D or A,/A, ratios for a eiven 472) ravio eee 
a slight increase in average stress across a set of elements 
as A-/A, increases. The effeebiveness Of une varies selem ay 
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sections of the actual ASKR-2]1 catamaran cross Siri 
generally higher than that predicted by the model effective— 
mess curves. The effective bpreadvn used for Theta! 
the ASR-21 Class catamaran cross structures is very con- 
servative when compared to the actual effective breadths 
determined in the thesis. Linearity in the stress 
dastribution response Go yarious Loading cond tytemes 24 
@pserved. . 


An effort should be made to study additional svricturas 
meess seCtlons planned for use in future Catamaran cross 
ereuctures, and to examine the plating eiiectiveness at the 
higher L/B ratios proposed for them. A satisfactory analytical 
meruLlLOn Of the cross structure using the stress tunevlen 
seurd be conducted. 


Thesis Supervisor: Alaa Mansour 
Title: Assistant Professor of Naval Architecture 
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INTRODUCTION 


Since 1965 there has been a great surge of interest in 
the catamaran ship. The large deck area and favorable 
stability of this ocean vehicle make it ideal for numerous 
ocean engineering tasks. Serious efforts have been channeled 
towards two areas in the analysis of the catamaran: the 
hydrodynamics of the hulls, and the statistical response of 
the ship to limiting sea conditions that allows one to 
determine the maximum loads on the ship's structural members. 

References (1) through (8) have dealt almost exclusively 
Wath the problem of predicting the maximum loads that the 
new catamaran submarine rescue ship (ASR-21 Class) will 
experience throughout its life cycle. Of particular interest 
has been the analysis of the loadings on the cross structures 
foe connect the demi-hulls, and the fabrication problems 
associated with joining the cross structures to the demi-hulls. 

The variations in the predicted loadings which have 
resulted from the analyses are interesting. This is not 
because of their absolute values but rather because of the 
Wreetions evidenced in the calculations of these quantities. 
This indicates that some degree of uncertainty still exists in 
the Meleetion of the most proper procedural method for 
Re lysis. 

It is generally accepted by all the authors that three 
distinct conditions of maximum loading exist.  Lankioraue. 


deseribes these conditions for the catamaran when it is at zero 
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speed in beam seas, when it 18 at Zero Speed eoue nee 
seas, and finally when it 1S in a Condition of citheres oes. 
or docking. The beam seas-zero speed case produces vertical 
bending moments, a smaller torsional moment and slight vertical 
shear forces. The vertical bending moments tend to roll the 
hulls, and the vertical shear forces tend to heave the hulls 
Gifferentially. The quartering seas-Zero speed case produces 

a twisting moment on the hulls about the center of torsion 

and a slightly lower bending moment. The grounding-docking 
case considered primarily by Lankford illustrates the most 
severe torsional loading to which the cross structure could be 
mueneceved. EG 18 assumed for this case that one hull is 
supported forward and one BadT as supported aft. Table 1 is 
meopommary of the loadings that various researchers have 
determined for the ASR-21 catamaran. These eS do not 


miermude the catamaran cross structure weight. 


mmese variations in loading point to the difficulty 
associated with an analysis of the stress and displacement 
aiesoribuTrion which are produced by these loads on the cross 
structures. When an analysis is performed on the structures, 
“the results are a direct function of the applied loads. 
Sevculations for a range of loadings could be costly, 


cumbersome and time consuming. 


As long as the loads are assumed to give results that 
correspond to the linear elastic range of the utilized 
construction materials, then the use of finite element analysis 
appears to be the most versatile method to use. Because of 


the linearity that exists between the applied loadings and the 





om 


00S‘ 9T 


OOH SES 


(7) teyoequesut¢q 


GG <7, 


006°09 


(fh) epeyos 


aan RioecOn 
G62 OdL Ld 
EUG Se 000‘°SS 
(8) 99095 (ee plo gues 


CSNOU=s00H SON Idyoa 
VAS NVYVNVLVO GHLOIGCHYd 


Ct dleavi 


(JUSWO,_ [TBUOTSIOLZ) 


BUT Yooq-suTpunody 


(JUSWOW [TBUOTSIO], WNWTXep ) 


Seo9 BuTseqseny 


(qJUuUOWO,Y!. BUTPUSG WNUTXey ) 


seoc weoeg 








IE 





5 


NVYVNVGVO Tc-usV HO HHNDLONYLS SSOHO HELV 
ILD EheUl ro) aE ul 








eh 


TABLE 2 
CHARACTERISTICS OF THE ASR-21 CATAMARAN 


CROSS STRUCTURES 


Forward | After 
Length (feet) 35 B15) 
Breadth (feet 56 ae 
Depth (feet) 18 18 
Plange Thicknesses 
(inches ) 
Main Deck 5/16 5/16 
Ol Level 9/16 9/16 
02 Level | e7 oe 3/8 
Mem inicknesses 
(inches ) 
Frame 21 Wwe Frame 84 3/8 
Frame 37 3/8 Frame 96 3/8 
Frame 49 3/8 Frame 110 1/2 
L/B e072 soe 
B/D . Selle 2.89 


_ Ae/Aw 2.82 Bn (05 


a 
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output displacements, structural analysis Can sper pe -ueomn- ane 
standard loads, and by scaling the results of these Yoads 
either up or down, and assuring oneself that he remains swavian 
the linear range, results for any reasonable loading can be 
ameckiy calculated. 

The objectives of this thesis are three-fold. An attempt 
is made to analyze the stress distribution in the cross 
structures of the ASR-21 Class Catamaran by finite element 
@@alysis utilizing the ICES STRUDL-IIl program of Che 
Massachusetts Institute of Technology, Department of Civil 
Engineering (Ref. 9). The forward and after cross 
structures and their locations relative to the ship itself 
are indicated in Figures I, II and III. Development of a set 
emecurves for the top plating effectiveness Similar to those 
presented by Schade (Refs. 12, 13) and Mansour (Ref. 11) are 
Seculated for a range of length to breadth, breadth to depth, 
and flange area to web area ratios. These calculations are 
based on a finite element analysis of a doubly symmetrical 
fe@el of the cross structure. By plotting the effectiveness 
of the top plating of the actual Catamaran Croce sieruccure- 
on the amenlonetly determined effectiveness curves, conclu- 
sions are drawn about the design of the actual ASR-21 cross 
meruceuUres. 

Eoaaine conditions utilized in this “amalysts appre nee 
as closely as possible the various loadings deemed most 
erictical by Lhe investigators previously ment toned ea 
Smaracteristics of the actual” ASH-2ieeross. struc pimeo seem 


included here in Table e. 
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PROCEDURE 
Loading Analysis 

In order to apply the desired Poads 30 Giewerossns grea 
Bae Sections of the cross members Detween the hulls of the 
Catamaran were cut at the inboard side of each hull and re- 
moved. The vertical bending moment, shear and torsional 
moment were then applied to the cross structure as one would 
apply them to a free body diagram of a beam (Fig. IVa). The 
team in this instance is a closed, thin-walled, multicelled 
mex beam. 

Conceivably jarhne cross Svurucvure canbe loaded 
Peeevaneously to some degree by all of the sea loading 
Conditions specified in the introduction. By dividing the 
Moads into three separate loading conditions, insuring 
equilibrium, and analyzing each, the effect of the individual 
ieacings on the cross structure ean be examined. Equa ten. 
(1) to (3) are applicable for determining the relationships 


between the fully loaded beam and the individual loading cases. 


Shear Load Vi= Myl Cae 


\ 
~ 


“(Lb is the hull Sao HUI seaciae) 


Antisymmetric My3= V,L = Mx] C2) 
Bending Moment ae —= 

2 2 

Symmetric. Myo= My +Mx3 os 


Bending Moment 


The beam seas case then becomes the superposition of the 


symmetric bending moment loading (Fig. IVc), a smaller 
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[Va 


Cr # 


TORSIONAL MOMENT 


C (BO 


IVe Xe 
SYMMETRICAL BENDING MOMENE 


M 


M 
x3 IVa ue 
ANTISYMMETRICAL BENDING MOMENT AND SHEAR 


Prune by 
THE LOADED BOX BEAM 





one 


torsional moment (Fig. IVb) and the antisymmetric bending 
moment and shear loadings (Fig. IVd). The quarter seas case 
is primarily the torsional loading (Fig. IVb) with a smaller 


Pending moment also operating on the Spence. 
Finite Blemenvt Model line 


The forward and after cross structures (Figs. I, II) 
ferme Subdivided into a set of elements and nodes in aecordance 
with reference (9) for use with the ICES-STRUDL II finite 
element program. As can be observed in Figures (V) and (VI) 
Mmiere are 116 elements/130 nodes and 112 elements/125 nodes 
for the forward and after structures, respectively. Ad- 
wmoronally, the forward cross S@ructure has no planes) of 
meer y, and the after cross structure has ont, one op lanceor 
maomeury. To run numerous analyses with these two Structures 
with varying L/B, B/D and Ap/Ay ratios would be extremely 
expensive because of the computer time required to calculate 
wae Stiffness matrices. For the two runs made with the actual 
Beene Lures eile Come elewerion time Reduired TomsolVvevrnee 
partitioned matrix was 316.76 seconds and 341.47 seconds. 
Therefore, a doubly symmetrical model was constructed (Fig. VII). 
With this model it was POSssibiecwyo reduces nem econpueer COSu.s 
Significantly by taking advantage of the double symmetry, and 
Gemopleting the analysis for only one quarter of the structure 
with 35 elements/45 nodes (Fig. VIII). In fact, only 24.47 


Seecomas Of COMPULEr Lime was required to solve the pare. 
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matrix for the quarter structure. Hence, ali compe: saree a 
mivolving the variance of length te Dreadtn oreo de ae een 
and flange area to web area ratios were performed on the 
quarter structure. Single runs were made with each of the 


actual cross structures. 
Range of Parameters 


ine ranges of selected parameter values’ UUi ie Zeca eee 
fiests were established by the actual catamaran cross structure 
parameter values. Table (2) indicates the catamaran's cross 
eeeameLure length to breadth, breadth to depth, and flange area 
memweb area ratios. In order = ObSerVve the criecy  Oteren.. 
memeos Ol Lhe stress level and the effectiveness of the platvang. 
the parameters were varied both above and below the values of 
Meee actual structure. The following ratio ranges were utilized 


in this thesis: 


is << sie 


UW) 
[A 


eee 7 Dee a 


Ar/Ay s 3.5 


NO 
WI 
{A 


The last parameter, Ap/Ay, 1s actually a function of the 
Second parameter, B/D, and the ratio of plating thicknesses, 


ieee? Uy, « 


Ap/Ay = (B/D) (tp/tw) D, 





el 


It can be observed from equation (4) that given the specific 
ranges of the two parameters, a unique Se@tsor DPlatvane Cite e 
muetOS can be obtained. To faciliteatesine anal sis eee. 
assumed that the thickness of the flange, tre, was held constant 
at a value of .38 inches. Another goemetric descriptor that 
meme ld constant in the thesis was the cross structuresbreadth, 
B. A breadth of 50 feet was used. Table (3) lists the values 


Of the plate thicknesses assumed for the analysis. 


TABLE 3 


FLANGE AND WEB PLATING THICKNESS 





Model Loading 


For this thesis the standard moment, M,,, was arbitrarily 
Pep equal to 1000 foot-tons. From equations (1) to (3) this 


meplies that 


My = 500 foot-tons 
Myo = 1500 foot-tons 
We =" 0007. tons 
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Results for different loads can be ObUa@imed 5) Seca 
stresses obtained from these standard loads provided tne) gid 
strength of the material is not exceeded. 

Applying the loads to the finite element model is probably 
the major departure from theoretical sense Essentially, 
Poros statement can be reduced to the fact that a Uniformly 
applied moment must be approximated by individual concentrated 
forces which are applied to the nodes. An increase in the 
number of nodes and elements will produce a better approximation, 
but only at the expense of time and money. 

Division of the applied moment into nodal forces was based 
on the assumption that each transverse bulkhead will carry the 
load associated with each flange. Since the center transverse 
pmeanead has adjacent flange areas on both sides, it was 
assumed that the center bulkhead carried twice the load that 
the end transverse bulkheads carried. Nodal forces for the 
full structure under symmetrical bending moment loading were 
then determined by equations (5) through (10). The moment 
distribution was assumed to be linear in the vertical direction: 
zero load at nodes 1, 3, 14, half the maximum load at nodes 


ioe, 9 and maximum at nodes 5, 8, 12. 


Myo = 1500 foot-tons oS) 
Fy3(D/4) + Fy2(D/2) = 375 foot-tons (6) 
Poy et Poe D/2)5— | s0enOcr= vem CP) 
eee ee D/ 2) a= 3 (oetOOU— Lome (8) 
Fy = F73 = 1/2 Fyo = 1/2 Fs (9) 
Fg = F5 = Fyo (20) 





Beeler 


To obtain the forces for the quarter Structures newioer coo 
the center transverse bulkhead were divided in half (The plate 
thicknesses are also divided in half where the quarter 
Seructure is removed from the full structure). The application 
@eeche nodal forces to the full and quarter structures are 
illustrated in Figure IX. Symmetrical bending moment nodal 
forces for the various B/D ratios utilized in this thesis are 
presented in Table 4. Similar results for the antisymmetric 
bending moment case with M53 = 500 foot-tons are included in 


maple 5. 


TABLE 4 


FULL AND QUARTER STRUCTURE NODAL LOADINGS 
FOR SYMMETRIC BENDING MOMENT 


(M = 1500 Poot—tons clipe ORPOUS aby Pen vines. 
ee 


Rude SEruciunee 


Nodal Forces (tons) 


Node Number eb = 255 B/D oe B/D = 3a 
8, 120 , -60. ae ~84 4 
meee 12, 117, 2204 -36. oe 
iq. 124 

Mes. 116, 125 lise ee = aaa 
Ao, 108 60. fe. 84.4 
Me 21, 24, 105, 30. 36. na) 2 
moo, 112 


ie, 25, 104, 113 15. 18. Za iL 





== 





HiGUR Es 
FULL AND QUARTER STRUCTURE NODAL FORCES 
FOR THE SYMMETRICAL BENDING MOMENT LOADING 





Node Number 
Ss 8 

a 

M1, 44 

Ho, 45 


FULL AND QUARTER STRUCTURE NODAL LOADINGS 


FOR ANTISYMMETRIC BENDING MOMENT 


(Mx2 oi 


Node Number 
8, 108 


mee 12, 105, 
io, 112 


Mens. 104, 113 
2a 20 


feel, 24, 117, 
fem. 124 


16, 25, 116, 125 


aoa 


TABLE 4 (Goren 
Quarter Stmucreuee 


Nodal Forces (tons) 


BZD = 2nd 
=5Us: 
=o. 

800 
ey 


TABLE 5 


Pu oO oanewuaee 


Nodal Forces (tons) 


BLDet 4255 


a OF 


INO = 


-20. 


-10. 


B/D. = aor 

= 36. 

-18, 
BOE 
Lid) 


500 foot-tons) AND VARIOUS B/D RATIOS 


au, 


In 


-24, 


-le. 


42, 


-2l 


42, 


fell 


Z3\ 
14 


-28. 


-14 


ee) 


sl 


.06 


05 


WS 


.06 


oO 


B/D ee 


B/D: =" Be 


9 





a= 


TABLE S5.s(Comi sce) 
Quarter Structure 


Nodal Forces (tons) 


Node Number B/7e = ane B7De ase _) 1B =e 
5, 8, 41, 44 IL Oe Lee 14.06 
wy 9, 40, 45 Se 6. 7.03 


The total shear lioad for the end cross section must be 
divided in much the same way as the bending moments. [In 
meeelplOn CO distributing the shear so that one half the total 
shear is applied to the center transverse bulkhead and one 
fees Aistributed equally patyuoee the other two transverse 
Pieeeneads, the shear must also be divided so that each node 
Carries its share of the load. For this procedure it was 
assumed that any node having neighboring nodes on both sides 
fomera carry a full proportion of the load at that particular 
bulkhead. Any node that had only one neighboring node (either 
the top or bottom nodes) would carry one half the load of a 
node with two neighbors. Figure X shows how the total shear 
fa) is aeolicd to the nodes of the full eress structure and 
the quarter structure. A summary of calculations for the 
nodal shear forces for various lengths of the cross structure, 


and My; = 1000 foot-tons is presented in Table 6. 
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TOTAL SHEAR = q 





q/352 


+ | /16 





FIGURE X 
FULL & QUARTER STRUCTURE NODAL LOADS 
FOR SHEAR FORCES 





aoe 
TABLE 6 


QUARTER STRUCTURE NODAL SHEAR FORCES 


(V, = M,,/L = 1000/L tons) FOR VARIOUS LENGTHS 


Nodal Forces (tons) 


Node Number L=15 L=25 L=35 L=45  L=55 L=65 L=75 
Total Shear 6On6 7 HO, 2 Oe ete 18 5 2 1534 seu 
Sul! Struc. 

4,9 4.17 eno 1.79 leeo 1.14 .96 2035 
1, 3, 5, 8 2.08 1.25 895 .695 .57 48) 4175 
4O, 45 —4.17 -2.5 -1.79 =1.39  -1 3 Cece. 
37 Bo. 41, -2.08 -1.25 - .895 - .695 — .57 ~ =.48 Sadie 


mae nodal loading due toOmggae torsional, moment ,; My » arises 
meomecne assumption that the center reinforcing bulkhead and 
deck do not carry any load, and from the assumptions implied by 


eeenwuse of the well known Bredt Formula (Ref. 19). 


= 
I 


CAQ Gini) 


Shear Flow 


a" 
II 


A = Area enclosed by the 
perimeter of the section 


iiesfirst assumption is verified by the application of the 
general analytical solution method involving shear flow about 
the individual cells of the cross structure (See Appendix A). 
The shear flows in the center bulkhead and deck cancel because 
of the double symmetry resulting in a zero stress in the center 


reinforcing membranes. This statement does not hold true for 
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unsymmetrical cases such as the actual ASR-2l1 cross structures. 


Equation (11) can be further modified by defining the 


shear flow as the 
Q= 
FR = 


ia 


force per unit Venethi ver ecrecsss tiene 


lic 


Mc/2n 


The length between node 


alist oreslialn ss 


nodal force 


C12) 


els, 


The loading for the quarter structure is shown in 


Figure (XI), and values for the nodal forces for an applied 


moment , My of 1O000™TocCet=tons are specified in Yaeme 7. 


QUARTER STRUCTURE NODAL LOADINGS 


FOR TORSIONAL MOMENT (My 


Node Number 


bees (positive, z 


direction) 
: 
5 (negative y 
direction) 
>, (iia 
8 


TABLE 7 


1000 foot-tons) 


AND VARIOUS B/D RATIOS 


Nodal Forces (tons) 


B/DG= 2.5 


es) 


Sol 


=225 


-5.0 


-2.5 


B/D 


B/D >= 3a 
150% 


=245 


-2.5 





=o 


SU cons 50> vers 





FIGURE XI 
QUARTER STRUCTURE NODAL LOADS 
FOR TORSIONAL MOMENT (B/D=3.0) 
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Plating Effectiveness 


The concept of effective plating widtnwenigeer ea. 
meoulted from work done by Von Karman and Sennade leis 
meu's, The aircraft industry referred to it eas ene oleacguae 
efficiency in the late 1930's. sienievesne work was performed 
in this area by Schade (Ref. 12 and 13) in the early 1950's, 
and most recently by Mansour (Ref. 11). Both terms, effective- 
Mees and efficiency, aid in graphically illustrating the fact 
meet shear lag exists in stiffened plating. Because of the 
meer lag, stress peaks occur at the stiffening bulkheads. and 
[meee LOwer stresses exist in the remainder of the plating. Whis 
P@emomenon means that only a small width of the plating is 
memes tressead to any Significant degree. Hence, there is some 
effective width of the plate that is carrying the load. 

Equations (14) and (15) define the effectiveness, and 
Pigure XII shows how these definitions are applied to the 


catamaran cross structure. 


a cavge/omaxl (14) 


D5 oavg/omaxe (15) 


Because the finite element solution gives the stress 
resultant at the center of an element, extrapolation of the 
data was necessary to obtain the maximum stresses at the 
plating edges. Reference (28) assumes that the shear lag 
fm a parabolic distribution in the transverse direc von. 
box beams. Since data was obtained for three transverse 


elements across the top plating, the parabolic assumption was 





Bee 


axl 





FIGURE XII 
TOP PLATE EFFECTIVENESS DEFINITION 
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wsed to fit the davaly and vo sca tener ne maximum stresses 
ae each edge of the plate. Integration Of Whaasedrs tr oan 
over the entire width of the plating was performed to obtain 
the average value of the stress. (Equation 16) 


x 
12) 
Cvave = 1/xo J o (x) dx (16) 


Xo = The overall width of 
plating 


The longitudinal stress in 
tice y Gtrection as a. funeuren 
of plate width 


O.(x) 


From equation (16) and the extrapolated maximums the 
effectiveness of the plating can be calculated using equations 


M@eeand (15). 





Sipe 


RESULTS 


i  Tabulated computer results of the longitudinal, girth and 
emear stress distribution in the forward and atver Ask—-c2l 
maramaran cross structures are presented imetaples, C-leand 
C-2. Symmetric bending moment, antisymmetric bending moment 


maoeeonear, and combined loadings are included: 


fee lhe stress results for the cross structure model under 
Symmetric and antisymmetric loadings are included in Tables 


C-3 through C-9. 


3. The computer results for the stresses resulting from the 
torsional loads are included in Table C-10; the calculated 


results are in Table C-ll. 


4, Average longitudinal stresses and plating effectiveness 
@ereulations are summarized: 
(a) in Table C-12 for the symmetric and anti- 
Symmetric bending moment loadings of the quarter 
SUIOULET LOS julereke dk 
one ain Table C-13 for the combined loading case 
Of aie QWiEIOE Sie Sinewewbics iwnlercksl . 
(ey) in Table C-14 for all the loadtime condirvens 
of the ASR-21 Catamaran cross structures. 
Ds Tepe longitudinal stress distraputioms (er the cae 
Peeuctcures are illustrated: 


(a) in Figure XIII for the symmetric bending 


NOMememease Ol the Quarter Svuruceure. 





cp eae Ea 
Jove ancl abiay®: 
ic) aaealiia 
Case ror 
Cd) Se 


loading 


Bay Gy| = 


Figure XIV for the antisymmetric 
moment case of the quarterecuriczurce. 
Figure XV for the combined loading 
tEhe~quarter strulewures 

Figure XVI and XVII for the combined 


case of the actual forward and after 


ASR-21 cross structure. 


6. Girth stress distributions are plotted: 


(a) in 
bending 
co) eee 
bending 
Cc) ia 
Ceisie™ (Oi 
el) aie 


loading 


aie. Vili for the symmecvrire 
WMoOmem@emcase Of the Quarter Struc. 
Miewre SOExe ror the antisymmetric 
moment case of the quarter structure. 
Figure XX for the combined loading 
Une otaryer Suruclures 

Figures XXI and XXII for the combined 


case of the actual forward and after 


ASR-21 cross structures. 


7. Shear stress distributions are shown: 


—_— 


Ce) aval 


Figure XXIII for the symmetric bending 


\ 
deteoMmumcase sO tne QCuarver Strucvure. 


(ob) in Figure XXIV for the Antisymmetric bending 


Menems case Of the Quarter Srrucvure. 


(c) in Figure XXV for the combined loading case 


CL vicmoOueeteir Strueture . 


(d) in Figures XXVI and XXVII for the combined 


leading case of the actual ASR-21 cross structumges: 





ie ; 


(e) in Figure XXVIII for the torsional foadine 


Of the quarters elec 


8. Plating effectiveness as a function of the length to 
breadth ratio (L/B) for all the loading conditions. are 
plotted in Figures XXIX to XXXIV. Table 8 which sraoedes 
the graphs shows the numbering sequence one uses to locate 


the effectiveness of the actual structures. 


Eeeeeeveragse stress along the top of the quarter structure as 
plotted versus the L/B ratio for the combined loading case 


mer ipure XXALX. 


mieeiene qualitative effect of the various loading condi tons 
On the displacement of the quarter structure is shown in 


Peres XXXV to XXXVIII. 


imme cne effective breadths of the model and the actual cross 
meee bures at positions along the length of the Structures are 


@eesenved in Table 9 and Figure XL. 
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TABLE 8 


TOP PLATING BRPFECTIVENESS LOCATORS FOR THE ASR-21 


CROSS STRUCTURES 


moiivos plotted on Figures AXIX to XXXIV and desienavedwe, eric 


following set of numbers indicate the effectiveness of the 


mecvual ASR-21 cross structures. 


Number 


J) 


Coes) Oy OST Ee 


10 
da 
a2 
Is 
14 
is 
16 


Cross moe reucuvuure 


Forward 


After 


Y-Coordinate 


L/8 
3L/8 
5L/8 


7L/8 © 


Vee 
Billy's 
Sy Lye 
7L/8 

L/8 
S678 
Sully) te 
7L/8 

L/8 
3L/8 


5L/8 


7L/8 


Element Numbers 


oe sells: 
10,114,124 
Mets 15 
12,116 ,16 
WQ 45,41 
50,46,42 
51,47, 43 
52,48, 44 
9 Sy 
10,14,18 
1, hoe 
WR WS. 210 
HO eal 
50,46, 42 
51 ASS 
52,48, 44 
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Model 
y=L/8 
y=3L/8 
y=5L/8 
y=7L/8 
ASR-21 
a / 8 

Yop Plate 
Pow. Plate 


y=3L/8 
ite Pilate 
hore, Flate 


y=5L/8 
Top Plate 
Bot. Plate. 


y=7L/8 
leo Plate 


pee.- Plate 


erie 


TABLE 9 
BFFECTIVE BREADTHS OF THE MODEL AND 


ACTUAL CROSS STRUCTURES 


Effective Breadth Assoc. 
With Center Bulkhead 


Effective Breadth Assoc. 
With Side Bulkheads 


Pwo Cross 9 Af tG@eascross Fwd. Cross AEG ome OrOsis 
SeiCue.. Stine. Spier Sielce 
oa 8.45! oF ioe Omron 
Ae eee -— — 
a aS) In ese: LAS 1 3a6 
705 feos 8.45 en 
Left Right Left Right 
Bikhnae Blkhd. Bikhd@. “Biaee 
el / oS Gale O05 Oneal 8.93 
8.48 CoS Ors ar Lore eal 9.31 
Ieee 19.3 md So 
PO. O2 19.97 == === 
je ot 5 Bd es 8.29 O36 4 align! Ue 2 
3S) aloe 10.9 9.06 S| yee Le 4S 1 Vee 
10.8 7.96 bee! ee 9.15 On5 
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Effective breadth used in the actual ASR-21 design was 
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DISCUSSION OF RESULTS 


From any finite element program there usually results a 
terse amount of output. This was the case for @nis thesis. 
and in order to reduce the extensive volume of this in- 
/mimmabion, sections of this output were either Tere our or 
meeuced. In particular, the array of displacements that each 
mempouver run produced was not included in Appendix Cy It 
Peeeaeccided that since this thesis concentrated on the Stress 
Secours ouUCtiOn in the structure, the presentation of the dis-— 
mareeements in toto would be unnecessary and unwarranted. To 
ieee cnis gap Migures XAAV to AAXVIII were included to show 
qualitatively what effect the separate loadings have on the 
displacement of the structure. As can be seen in the figures 
Boe structure responds as anticipated to a specific type of 
Meaaing. Also, the stress results for the model contained 
in Tables C-3 to C-8 are only half of the stress output. 
meemencval stresses for the near end of the cross structure 
(y=L/8 and y=3L/8) are included. The stresses for the far 
end (y=5L/8 sie y=7L/8) are omitted. The value of these 
Stresses produced by the symmetric bending moment loading are 
mama! to the stresses of the near end; the stresses for the 
far end of the beam with antisymmetric bending moment and 
Shear loading are the negative of the stresses of the near 
end. The torsional moment loading stresses at the far end 
are also the negative of the near end. 


It was mentioned in the effectiveness section part of 





ay 


the Procedure that a parabolic fil to the Gataiase ce ome 
extrapolate to the plating edges for the purpose of determinane 
Ene maximum stresses. The parabolic fit was then used vo 
calculate the average stresses and the effectiveness of the 
section. The use of the parabolic fit resulted from 
investigation of the work done by Hildebrand and Reissner on 
shear lag (Ref. 28) in which they utilized a parabolic 
distribution of stresses in a box beam. The requirement to 
use the parabolic distribution was also occasioned by a need 
memeconserve funds. For instance, the addition of two 
elements to the top plating of the cross structure (x- 
direction) of Figure VIII results in a computer cost increase 
of 28.8%. A check was made to determine what effect the use 
of five instead of three elements would have on the stress 
levels and consequently the average stress and effectiveness. 
ieee XLT shows the quarter structure with the added 
elements, and Figure XLII is a graph of the longitudinal 
stress level for both the three and five element cases. As 
Gombe observed the parabolic fit using three elements is 
only Slightly sliver e ment and the difference between the 
average stresses was 1.8%. Thus, all the results in Tables 
C-12 to C-14 are based on the parabolic assumption. These 
meoults are then reflected in themetlectivemessmeumues 
FPigures XXVIII to XXXIV. 

The effectiveness curves were plotted only for B/D=3.0 
and many 8 os ol The reasons for this result fremevac 


Gallculations summarized in Tables C-12 to C-142. These on 
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of the effectiveness with respect to the B/D and Ap/A, ratios 
is very small, and because of this were notypteec- ae) ae 
be noted that in the model and actual cross structures at 
y=3L/8 for all loading cases the longitudinal stress distribu- 
tion changes significantly in shape as L/B increases. Figures 
mil and ALIV show this. Specifically, in all loading cases 
meere 1S a2 point where the edge stress or the second maximum 


mcaicated by 0 in Figure XII drops below the average 


maxe 
stress and causes P5 to be greater than 1.0. As b/Bvamewegeec 
Maeenier the curvature of the stress distribution reversesmac 
that the maximum stresses in the plate occurs nearer the 
fate Of the plate. Thus, for the longitudinal stressesmac 
meoL/S a change in the definition of effectiveness as shown 
timer eure Xil must be made. er distributions where the 


second maximum (0 ) drops below the average stress the 


maxe 
plating is considered to be fully effective (i.e., p,=1.0). 
Meeesuress distributions where STE curvature reverses and the 
fiex<imum occurs nearer the center, P4 is calculated using this 
maximum, and p, is considered equal to 1.0. “These changes are 
reflected in ee effectiveness curves plotted on Figures 
meoiil to XXXIV. The computer results uSing the original 
feoinition are included in Tables C-1l2 to C-14 for comparison. 
‘The values of the effectiveness of the actual Struccime. 
are plotted on Figures XXVIII to XXXIV. Table 8 defines the 
locations of the effectiveness on the cross structures. 


The effectiveness graphs can be very helpful to the 


designer. Given a cross structural shape and an allowable 
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average stress permitted for the structure; the desienewee 
predict the maximum stresses in the Structise gy! g@eualpo. ar 
back of dependence upon B/D and Ag/A, in the ranges studied 
in this thesis show these curves to be of even greater 
mopertvance. When varying the plating thicknessés Of Vehis 
emmecture, however, the designer must obServe very carefully 
his average and maximum stresses. He could very easily have 
two structures that have the same effectiveness but because 
Senne Gifference in plating thickness may have one structure 
that has stresses that exceed a reasonable level. 

ine torsional results are very interesting. Dtswaseieund 
mgemeseveral computer runs that the shear stresses did nov 
vary along the length of the beam. Instead the shear stress 
Pemained constant, as one might predict them from the Bredt 
Formula (Equation 10) and the appropriate plate thicknesses. 
meemuronally, it was also noted that in Table C-10 The 
imei tudinal and girth stresses produced by the torsional 
moment were several orders of magnitude smaller than the same 
stresses produced by the bending moment loadings, and thus did 
Heme have any ee onthe toval longitudinal and eirirh 
stresses in the structure. These small values are actually a 
verification of the theory discussed by Oden (Ref. 20) and 
Venkatraman and Patel (Ref. 22). As a result of this, the 
remaining parametric cases were calculated by known analytical 
methods. (Appendix A and Table C-11l). 

The longitudinal stress resultants for all the Hoadias. 


(Tables C-l1 through C-4 and C-9, and Figures XIII through XVII) 
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describe quite graphically the shear lag effect. “Me standard 
assumption in elasticity that plane sections remain plane is 
Meomlonger true, and, hence, the simple theery of )seneg ows 
not applicable. The main cause of the distortion of the 
Peoas sections is shear strain in the flange area of The box 
beams. Considerable effort was expended to relate the 
fmeoacitudinal stress results of this thesis to some appiicabie 
meear lag theory. Not only the loading but also the boundary 
conditions and geometry made the cross structure quite 
Gifferent from the single-celled box beams for which a 
Soerable theory exists. Waatetonenl commentS Om this Subjce 
Beebe found in Appendix B. | 

All the figures showing the qualitative stress results of 
the structure are based on the data for L/B=.7, B/D=3.0, and 
Mavi, =-3-0. This particular case was the closest model to the 
medal! Cross structures. 

The average stresses that were calculated show only a 
small increase in value as Ap/A, increases for given L/B and 
B/D. ratios. The average stress change is very small for the 
range of L/B values (Figure OOD 

A check was performed on the linearity of the stress 
mesponse of the structure to a set of scaled logei nes , andar 
was found that the response was linear as expected by theory. 

Baeed on the effectiveness curves and the L/B ratios of 
the actual cross structures Table 9 and Figure XL were 
generated to illustrate the effective breadths of plating in 


the cross structures. These were obtained from the standard 





eee 


definition that the effective breadth 1S Gquaye on tee 
breadth times the effectiveness. Note should) bens Takeneraa 
a four-foot effective breadth was utilized by the designers 


of the ASR-21 Catamaran. 
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CONCLUSIONS 


ime The effect of varying the breadth to depinete © wanomue. 
flange area to web area (Ap/Aw) ratios Over thewranees wei sca, 
Thesis on the plating effectiveness of a structure with a 
given L/B ratio is negligible. This means that the type of 
Meeaing, and the length and the breadth of the plating 
Sercrmine the structural plating effectiveness. 

“eeeenverage stress in the top plating of the cross structure 
model varies by only a small amount as L/B increases for given 
B/D and Ap/A, ratios, which is simply a substantiation of 
the simple beam formula. 

feeeeac fhiehest stress level in both the model and the sce = 
Smoes Structures occurs at the plane y=7L/8 and for the 
wemeined loading case. 

4, The actual ASR-21 Catamaran cross structures in general 
mee vO be higher in effectiveness than the model curves for 
eemal L/B ratios. The length of the ASR cross structures are 
constrained to 35 feet because of the requirement of the ASR 
mememanale the DSRV, and to reduce the deleterious errect of 
Weve action upon the hydrodynamics of the hulls and the 
mmeenethn of che cross structures. This leads cone ve conemMde 
Ghat the breadth of the ASR cross structures can be decreased 
ee least to the point where it equals the modél curves. The 
Pepentage of this would be a decrease in structural weight. 
5. The maximum longitudinal web stresses occur in the vop 


of the center web at the location y=7L/8 in the combined load- 





mere | ae 


ie. case. 

6. The maximum shear stress occurs at the top of the web and 
mee the edge of the plating at y=L/8. 

fe the longitudinal stresses are by far the most omedemmpant 
meeesses in the structure. In all sdeitione of the structure 
the shear lag effect is graphically visible causing the 
mem2ictvudinal stresses to peak at the web stiffeners of vie 
top and bottom plating. By using the effectiveness curves 
Ghne designer can calculate the maximum stress in the cross 
meeuecpure flanges and the webs. This 18, given a desired 
evyerage stress for a given structure, the designer can calcu— 
ijee the maximum longitudinal stress in the structure. 

8. The forward ASR cross structure has a cut out section at 
its forward end between the 0-2 and 0-1 levels. The remaining 
structure from the 0-1 level to the main deck serves very 
little purpose except to accommodate the interior arrange- 
ments of the vessel. Additionally, it carries very little 
load and adds significantly to the total weight of the 
merucuvure. structually the cross structure can do without 
lees forward section, be just as effective and woumleeo-siuch 
mesiver without it. 

fee Lt is significant to note that the Apr/A, ratio for the 
catamaran cross structures is nearly two times the same ratio 
mem normal ship girders, which leads one to Delieve again tha 
the structures are too heavy. 

10. The torsional moment produces longitudinal and girth 


stresses that are orders of magnitude below those produced 





oes 


by the bending moment and, hence, do nNOv Naveuanyeap ete 
peeucct On the structure. 

i, Existing torsional techniques for COompUuUime es teares es 2 
im a closed, multicell, box beam are preferable to calculate 
these stresses than a finite element solution. Essentially, 


mmey are faster and much cheaper to use. 
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RECOMMENDATIONS 


Although this thesis has concentrated on the ASR-21 
Searamaran cross structures, the information mis sapp lca mre 
any four-celled box beam cross structure which satisfies the 
seme boundary conditions. However, this thesis is but 2 
em@all piece of the picture. With new catamaran designs being 
momeei ved for both military and industrial uses that wilt 
move both higher L/B ratios and different cross structural 
megees the need exists for more detailed and expanded studies 
Memeo conducted. An effort should be made to examine tacsce 
Mew designs in much the same manner, and possibly try to 
Seem ze Che size, shape and weight of the cross strucvure. 

Pecauistacvory analyticadgstress solution Tor avaeus, 
Symmetric four-celled box beam should be developed utilizing 


the stress function approach as used by Hildebrand (Ref. 29). 
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APPENDIX A 


ANALYTICAL TORSIONAL ANALYSIS 


The analysis of a four-celled box beam subjected to a 
torsional moment has many facets which could lead to problems 
imomiendling the analytical solution of its loading. Some 
faweee assumptions must then be made to extend existime mmeraeds 
Sueecorsional analysis to the catamaran cross structure. it is 
assumed that a uniform shear stress exists across the thickness 
mueeetie web and flanges of the cross structure. Additionally, 
shear stresses are assumed to be directed tangent to the 
boundary curve of the box beam. Normal stresses are assumed 
meme nergligible. The product of the shear stress (Txy) and 
the plate thickness (t) is constant at all points along the 
perimeter of a cell. Finally, it 1S assumed that there is no 
in plane distortion so that the angle of twist (6) of cell (i) 
feeidentically equal to the angle of twist of cell (itl) and 
so forth. (ie. 6.=6:. 

For the general four-celled box beam pictured in Figure 
A-1 the equation of equilibrium (equation 1) relates the 


4 


twisting moment to the shear flows. 


M. = 2 3 q,A, (1) 
q; = shear flow in cell j 
As = area enclosed by the 


Dele Mle) © Ota Gem. 
Mp = the applied twisting moment 


Mae rate of twist for a cell (j) is indicated by equation 





BEG Oh 


5 as 





Q; = - 2), 
cGA; lg 
t = thickness of the boundary 
as = an incremental distance along 


the perimeter 


For the case represented by Figure (A-1) where adjacent 
@eeees and in particular the neighboring boundary affect the 
memal twist, the shear flows in these adjacent cells must be 
taken into consideration. Applying equation (2) around the 


boundary of a cell (j), results in equation (3). 


2GA.69 = (a, ? ds -a,f_ ds -q 


j Mee ds) (3) 


Pt =a. nite 


femessmplification in this Appendix the following definitions 


are utilized. 


6 
a == ds Ha 
54 eS fap ds (4a) 
G ii oe 
Y oe — er il das 
We see 
airs 
(Hb, c) 
Gack = a das 7 
Ud a eure 
J 
Thus equation (3) can be rewritten as 


J 
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If equation (5) is now applied to each cell of the four-celled 


box beam, four equations with four unknowns 7 » j=), 2535. 
J 
Peeiie be generated. 


6 +6 fede, 


1299497392 - <A, 


HH 
& 


ial 


6 - 2A,6 


2194495099455 29) 2 


il 
(S) 


(6a-d) 
§ 349745314) 45 3342 — 2A38 = 0 


8 999794 29 2t8 yy - cA ),6 = QO 


Equation (6) can be much more clearly expressed as a matrix 


equation (7). Note the coefficient matrix Y is symmetric with 
Do 
ja ij. 
aaa 278 aoe Q q5 Ay 
He Be 6 aba |e A, 
ropa 
| = (7) 
6 6 6 
Sik Q 53 34 3 A. 
9 Syo 843 Sua fay A, 
V @ = 2008 (8) 


Utilizing the generalized dimensions of Figure (A-1) in 

equations 4a-c, and substituting them-into the matrix V gives 
1 

the generalized Y (Equation 9) which can be augmented with 


~~ 


pom tbo sSOlve for the qy: 





Soe 





FIGURE A-I 
CROSS SECTION OF FOUR-CELLED BOX BRAM 





mole 


a) ta 

Saal 

4 4) 7 

qeeq 
(23 G4 
S494 

Aye 

= aa 


(6) uoTqaenby” 





-93- 


Therefore, given a twisting moment andes ovine: eee 
shear flows in equation (7) as functions of G and 6 then the 
muantity GO can be determined by SuDStU1UUtIN2 amuoeeguaered 
ms. The shear stresses can be calculated by dividinew the 


shear flow by the appropriate thickness. 


eGo 10 

q ; ; | ) (10) 
4 4 

Meeb = 2g A =e. TaGCore ss (aie) 

oe = a 4 _ 1,4 (iu?) 
Z, t. i ieee - (6 


mie Calculations in Table C-XI were performed for the 
memrcsentative cases analyzed in this thesis. Because 
computer tests of the torsional loading (Table C-X) showed 
that the only HiaSSSOe of importance in the strveuurescculca 
obtained by the simple analytical method outlined above, the 
Calculations in Table C-XI were done in lieu of additional 


memouver runs for the Torsional Loading. 


4 
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APPENDIOG 
COMMENTS ON RELATING THE COMPUTER 


RESULTS TO EXISTING THEORY 


ins attempting to verify the computer resmiits seme 11s 
Bhesis by existing theory a significant effort was made to 
mewermine the applicable theory. Attempts at correlating 
Meieeecine Stresses and the effectivenesses obtained wage cnc 
mmpuLer results with theory proved futile. The majier 
moons for this are varied, but essentially all reswmivtL from 
mee tact that the srieee rings cross structural shape maser 
been analyzed for the application of saa bending moments. 
sufficient theory exists to calculate the effects of 
torsional moments (Appendix A) and shear in the webs (Ref. 20). 
mom meition tO the geometrical shape differences, loading sand 
Memndary conditions vary significantly from existing box 
mieam.or box girder analyses. 

Lankford (Ref. 3) and Dinsenbacher (Ref. 4) assumed 
"Che cross structure bulkheads to be fixed ended beams under- 
pote a settlement of supports." Applying boundary "condivumems 
for a closed solution to "a settlement of supports" might be 
eeemoalrticult, The versatility of the @dimmcve element 
Mewnod allows one to solve problems with multiple degrees of 
maeterminancy and theoretically impossible boundary “condi tions. 
This makes the analysis of the cross structures relatively 
easy with the finite element method, and rather difficult to 


check in cases where a theoretical solution is only an 
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approximation, or does not even exist. 

When the first computer results were checked, it was 
obvious that some shear lag analysis must be used to verify 
the results. The extensive works on shear lag by Reissner 
(Refs. 23 and 24), Reissner and Hildebrand (Ref. 28), 
fedebrand (Ref. 29), Kuhn (Refs. 25, 26 and 27), Smith 
Meer. 34), and Yuille (Ref. 32) dealt principally with two 
types of structures, the box beam and stiffened plating. 

hoaadebrand and Reissner assumed a parabolic Gisteipurron 
of longitudinal stresses in the box beam in which the shear 
_m@emmccimiicoes the Stresses to vary around the Stresses Coram 
by the standard beam formula (My/I). The analysis was done 
moresingle-cell box beams that were cantilevered, conmplieire, 
Peele in, and Simply Supported. Some of the loading 
femanoions that they examined were uniform lateral pressure 
and concentrated lateral loads. Hildebrand repeated many of 
the same boundary conditions and loadings for the identical 
geometry, but approached the shear lag solution by the uSe of 
an infinite series stress function whose variables were The 
Beemetric and material properties of the beams. Since neither 
Sreenese two approaches could satisfy either the geometry of 
@he four-celled box beam or the proper loading, it was not 
possible to use them. 

KUhn and others considered only the Cameuricycrecmec. 
Peam case with end moments and concentrated forces acting at 
the tip through the webs. Kuhn's interest was strictly the 


eirerart wing ineall its geometric variations 7 anda mee 
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mniveresting to read his results were not helpipm von: 
g@@alysis of the four-celled cross structure: 

If one removes the top plate from thevcres sais 
and considers it as stiffened plating, it might very well be 
possible to compare the shear lag in this case to the shear 
Mae ior the cross structure. Smith and Yuille performed Shear 
mie analysis on multiply stiffened plating. However, the only 
loads examined are uniform, concentrated, and sinusoidal loads 
ioeciie plane of the plating which are highly applicable to 
Mme ollLOM plating of ships, but not to the cross structure. 
eee o, the difficult problems in solving the plating problem 
With edge loads in both flanges and webs is the difficulty 
w@eemmcvered in convergence of the infinite series solution 
for this type of loading. 

Schade (Refs. 12 and 13), Mansour (Ref. 11), Winter 
(Ref. 35) and Reissner (Ref. 24) either discuss or present 
eurvyes of effectiveness (or as Reissner calls it "efficiency" ) 
and effective breadth. It was thought that a comparison 
might be made with some of their results. The problems of 
comparison are many. The effective breadth as defined by 
Schade is for lateral loads which cause the plate or panel to 
feqa out of its original plane, and for which all of Sehade’s 
work was performed. This type Of analysis = {s3a¢atne 7 2. 
pendent upon loading. Neither Schade nor Mansour examined 
the loading of this thesis. 

Various expressions exist for determining ci tecrm. 


breadth of plating and beam flanges. The most common are 





listed below: 


Reissner: 


Winter: 
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7 stress at Plate Cente: 
: ft b(1/3 2/3 (stress at Plate Hd@ae 


ae) 


b = Effective breadth 
ei 
b= One half the plate breadth (from 
stiffener to midpoint) 


: q(t Sees, dy sane 


err Max Stress one 


b 





) 
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TABLE C-I 
ACTUAL AFTER CATAMARAN CROSS STRUCTURES SU2@e 250 ec 


SYMM. BEND. MOM. 


Element Gaia) Longitudinal Shear 
»oless Siireas Stress 
1 .00076 -.0109 =. Ome 
2 - .00338 -.0214 -.0047 
-.00338 -.0214 Ome 
K SOW. -.0109 ORES 
D, Owes -.0097 006 
6 -.0700 -.0214 00191 
fe = 017 00 -.0214 —-,CoOm91 
8 00437 -.0097 -.006 
9 0466 youre S600 
10 .00399 4632 pali(Dioyt 
taal .00399 4632 - Giga: 
2 0466 5312 . 3396 
ifs .1418 AOdeS sOioe 3 
14 1845 298 0454 
a5 . SNS .298 0454 
16 sds) OIE ays 0623 
lf 0862 , oar sonoma: 
18 ; 2ere A971 .0672 
19 s icile A971 0617 2 
20 SOG? 4658 oH 
21 0928 - .832 ; See 
Ze  OLero —, (i RS ic 
23 SEL as -.7115 levee 
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TABLE*C-L (Comieda) 
ACTUAL AFTER CATAMARAN CROSS STRUCTURE VST) 
SYMM. BEND. MOM. 


Longitudinal pier 


Peeme nt Cubeiwial 
Diunee ss DU wees - Stress 
24 .0928 - .832 5ali6 
25 ~1919 -.024 BCI oite 
26 207 -.4399 Onpee 
ef Peon -.4399 SUyee2 
28 erGi9 -.024 088 
29 gly lens, -.6483 206 
| 30 1936 -.6702 .0839 
31 .1936 -.6702 0839 
BZ Pinos -.6483 Raa alc 
BD .00079 -.9948 ede O18 
34 woe 7 ( -.0189 .00434 
BD meoz] / -.0189 .00434 
36 .00079 -.9948 ~O100 
oad .00418 = OC nOIeS 3 3 
38 .00616 -.0169 AON ae, 
39 .00616 -.0169 .0019 
4Q Wieatixs - .00757 eOlO D3 4 
Wy 0422 5048 2996 
Ho soulivgs 4181 ~ 1047 
43 OV jit seid sos 
yy ~0422 5048 2996 
45 ~1492 =U 5005 50) Obl 
46 uso 2069 srl 
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TABLE C=i (Compa 


ACTUAL AFTER CATAMARAN CROSS STRUCTURE STRESSES (KS) 


Element 


ail 
48 
49 
50 
Syl 
Sis 
D8 
54 
>> 
56 
af 
58 
a7 
60 
61 
62 
63 
64 
o> 
66 
67 
68 
69 


Girth 
Stress 


yp laBis 
1492 
0879 
re 
1124 
0879 
0871 
0376 
0376 
0871 
.1964 
2u6 
246 
1964 
pale © 

. 1656 
Alesis 
. 166 
73 
09348 
09348 
~1273 
5099) 


SYMM. BEND. MOM. 


Longitudinal 
Stress 


2069 
03095 
4294 
4548 
4548 
4294 
792 
wOul6 7 
.6467 
{92 
.0456 
~ 303 
50s 
.0456 
5692 
Ses 
.5769 
5692 
5852 
SLi 
sly Wie 
O52 


Shear 
Stress 


0415 
Oo: 
~1605 
.07408 
.07408 
SUS 
4538 
»153 
pS: 
71530 
s(o31L 
.06308 
06308 
Jos! 
aes 3 
.0909 
SOLOS, 
2143 
Ves 
0498 
0498 
pele S| 4 
3407 
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TABLE C-I (Comedies 
ACTUAL AFTER CATAMARAN CROSS STRUCTURE STRESSES (KSI) 


SYMM. BEND. MOM. 


Eebement Gaien Longitudinal Sale ee 
Stress Stress Stress 
70 -.0651 5261 ea 
ffl. -.0651 a2 oul a2 
2 .0995 1.078 3407 
is .0478 5 SIGMIAG - Onin 
74 -.0068 eeecei / O2aes 
i> -.0068 pale MOLES 
ie OeiG .3076 0421 
ie nOsae3 ey ee nal . dle 
78 .0088 SANT O50 
19 0088 S44] S05 00 
80 MOS eae mele lsy 
oul .0298 72503 mC) 200, 
82 HG) Meee Lip ae eS 9 
8 3 Oe? | 177 TOHaa 
84 (0298 .2563 yen 28, 
G5 5 aller a ee OS 
86 0243 5549 .O4314 
o/ .0243 25549 .04314 
88 eOde( 7047 Ones 
89 =-,.005] -.6247 oOo 
90 -.03013 -.3382 -.10142 
91 =O sles -. 3382 .10142 


92 -.0851 -.6247 .2897 
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TABLE C=1 (Comte ci 
ACTUAL AFTER CATAMARAN CROSS STRUCTURE STRESSES (KSI) 


SYMM. BEND. MOM. 


Fiement Girth Longitudinal Smear 
Stress Sree Sig@ress 
93 —:055 -1.398 nen 
9 . 01636 -.812 .03912 
95 .01636 -,812 Osea 
96 ~055 -1.398 lve 
O7 Os -. 3436 ORF 
98 .07102 ~.29579 .0504 
99 BO ener -.29579 .0504 
100 .0237 ~. 3436 SOsee 
101 00432 -.9798 .0065 
102 043 ~.7345 .01498 
103 043 ~. 7345 .01498 
104 00432 ~.9798 0065 
105 n0262 -.2876 s0BeL 
106 TOW -~.2794 .0379 
nO? poeta -.2794 .0379 
108 .0262 -,2876 .0381 
109 Toone -.8725 sony 
110 .0523 -.7088 .0108 
ideal .0523 =o aie ek .0108 
iLakz 0044 = Os One 





=o 


TABLE -C=1 
ACTUAL AFTER CATAMARAN CROSS STRUCTURE SUR eae qesee 


ANTISYMM. Babs sonatas 


Element Giaeech Longitudinal Shear 
stress stress Diere os 
1 .00148 .00509 .00506 
2) 0039 abliel 00298 
.0039 =aCu an .00298 
y .00148 ~.00509 .00506 
5 .00015 .0038 BoK9) es 
6 .00489 .0119 . 00392 
if .00489 -.0119 .00392 
8 .00015 -.0038 poiGillis 
9 3 ie ~.2054 .1049 
10 203845 ANZ .0738 
11 .03845 yale O7e6 
12 .0319 .2054 .1049 
13 .0149 .00796 .0199 
14 .0701 0) sei Goa il 
15 Ovo -.0331 poate 
16 .O149 =O 7Oe .0199 
an / 00742 -.1738 S030 % 
18 Oss aOR .0698 
19 OU3 52633 .0698 
20 00742 ayes soe 
21 .0616 sag ms 
22 .0554 Hous Ga 
23 £0554 ~. 4045 .1014 
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TABLE. C-L_ (Comittee 
ACTUAL AFTER CATAMARAN CROSS STRUCTURE STRESSES (KSI) 


ANTISYMM. Ball. + SHI 


Pakement Garth Longitudinal icicle 
Sule sis Siwecs Stes s 
24 lee =, 3147 oleh 
25 SOR O17 -.0128 Orie 
26 LOOw, -.0416 Ozom 
27 PEO .O416 . O2Ba 
28 aOe Ol .0128 Oem 
29 2 UOR 2 2342 .O472 
30 . 1039 3388 ECB 
Sul . 1039 — . 3388 : Rs 
ee pOlOR2 =~ e232 SON 2 
63 POaMe4 7 0046 00417 
34 O08 {5D [OTs .00239 
p> 00375 =- Ula 00239 
36 .00147 -.0046 .00417 
Bi { OO OaK0 OC ames 00142 
38 00397 .00875 .00319 
39 "Oi0.9,7 -.00875 SOO219 
40 200010 = OO ai .00142 
41 Oo -.1962 .0884 
oD .03769 oe Vile 0617 
43 .03769 ve (ae, Oba 
uu mei wae) 1962 .0884 
45 i Oulie lacs, Re O75) 5)  OnseA 
46 O58 OLS 8) Onee? 





ie 


TABLE C-I (Comedies 
ACTUAL AFTER CATAMARAN CROSS STRUCTURE STRESSES (KSI) 


ANTISYMM. B.M. + SHBAR 


Pee ment Girth Longitudinal Shear 
Stress Seren S Stress 
47 058 3 -.0530 ealk2 9 
48 sades -.0253 ONES 
49 ACO 3 -.1601 28 
50 .0704 —.2422 BS 58, 
Syl .0704 2422 O15 50 
pe .00528 .1601 M026 3 
315 .06141 5 oi oak all 35.3. 
54 .0549 . 3906 S015 2 
38) .0549 -.3906 SOS 
56 .06141 OL Beso) 
Bf 0) Spo) -.03649 .0167 
58 0832 OG —s0pi2 15 
59 -.0832 -.0678 =,035¢e15 
60 0B 03649 SOOT 
61 OOIG ie OSs: sO / 
62 .0889 .298 .0797 
63 0889 -.298 “OPO, 
64 SO@aS =. 2055 sO 
—65 Hsia -.2187 pL 
66 nee 8 | -.0346 eaeye2 
Or PO onl .0346 Blige 
68 0505 neo ~1345 
69 .02605 -,4149 .2774 
70 mAO6 / -.3608 2064 
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TABLE C=L. (Comper 


ACTUAL AFTER CATAMARAN CROSS STRUCTURE STRESSES (KSI) 


Element 


jak 
he 
3 
74 
15 
76 
fot 
78 
ay 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 


ANTISWMM.. Bah: 


Girth 
Stress 


10267 
eo 05 
202736 
Oaks 1 
: O@ahs 2 
027 36 
0104 
04549 
04549 
0104 
ORS 5 
00455 
AGG455 
Omke 
00068 
~O489 
.O489 
00068 
.00014 
5 021s 
2s) 


.00014 


Longitudinal 
Stress _ 


GS 
4149 
oul 
0294 
0294 
lea 
B05) || 
SOS 
(2388 
DOD] 
wis 33 
02949 
02949 
mos S= 
SID 
. 3184 
. 3184 
(oe 
2407 
aiOkS 
LAOH 


~2407 


+ SHEAR 


Shear 
stress 


2664 
2774 
0887 
20285 
0285 
0837 
0988 
1436 
1436 
0988 
07836 
SOR 76 
0176 
07836 
20226 
Pele 235 
wie 
507236 
= Od 
~0605 
~0605 


OnE 





mabey? 


TABLESC=i -CGonmt ices 
ACTUAL AFTER CATAMARAN CROSS STRUCTURE S23 2) a. 7m 


ANTIS Y MM 5 2) ee toon Peale 


Flement Galieth [roveyeestie Biol iasi sb SNE Bag 
otress Sel ecas Stress 
93 BONS, . > Hes —, 25> 
gy 0671 ioaae - 2518 
95 Olona say lle =, 2505 
96 sVOs 0 BEALS -, 1925 
97 . OOS 14d -.0698 
98 20306 .08224 . Ca 
99 .0306 .08224 . Ona 
100 OWS 7 141 -.0698 
eo 1 OO FAL: . 3866 -.0487 
@e Onna 4298 ~.1402 
103 moh Iss 4298 -.1402 
104 Oy a)2 foil . 3866 -~.0487 
105 20105 .1184 -.0689 
106 1 Oe ORS . Oar 
Het) 0297 Oxfe3 Que? 7 9 
108 S008 .1184 -.0689 
109 .0093 ae -.0338 
110 0692 3969 -.1236 
ma 0692 £3939 51256 
Jie .0093 3443 =,0830 


a! 
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TABLE C-I 


ACTUAL AFTER CATAMARAN CROSS STRUCTURE Sikes eon 


Element 


— 


Onset 


—] 


10 
Jia 
a2 
5 
14 
iD 
16 
Lt 
18 
19 
20 
ZL 
2 


25 


Galvteila 
Stress 


BOOeeH 
SONU ON SYS} 
.00729 
OOO R 
0042 
Oe 
Ouro 
00453 
Oma? 
oud 
03445 
07866 
rie 
144 
2547 
L2G Ve 
0787 
05004 
220 fy 
09363 
-Os 19 
OMe se 
0277 


COMBINED 


Longitudinal 


Stress 


-.51778 


=a 


.00589 


.00724 


Wes. 
Oatenl 


00588 


.0095 
5 35 
OILS 
S 3250 
.1819 
~TAAS 
7367 
0255 
m8) le 
: 265 


00936 


nege 


. 2 aac 


Ss alls 
.6398 


. 3069 
Palisiic: 


Shear 
SUrFeESS 


.00647 
OOK 
OO LS 
.0166 
.00419 
.00584 
ONO 20. 
.00790 
2347 
mele, 
ees 
HUNG 
.04238 
.03427 
.0565 
.0823 
.1424 
pc Sia 
sCLZ6'5 
neo 
ee 
22592 
.05637 
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TABLE C=1 <{ Cormijen 


ACTUAL AFTER CATAMARAN CROSS STRUCTURE STRESSES (KSI) 


COMBINED 
Peeement Canes lfevaterd: te ibkelsLiasill shear 
SULess otress otress 
a4 ~ 1546 -1.147 . Oe 
25° 2a - .03696 06011 
26 2 eaiae -.4816 .O4H07 
ZY sew - . 3983 1004 
28 Sloe ==75 Omlede a: . Lag 
Ze MSs ~.4141 2044 
30 OSGi / 5 SL eile 
Sl .2976 -~1.009 RO) IS) HS 
eZ yes - .8826 .2989 
BS Onze 7 -.00534 ,O0ses 
34 000974 -.00506 00674 
ED C0165 3 ~.03289 .00195 
36 .000676 -.0146 0142 
Se ~00429 -.00484 ~00391 
38 Oe 19 -.00823 O03 
39 .01014 -.02574 me Ode 
40 .00408 -.0103 OOS 15 
4) NOULC S15 . 3086 ec ie 
42 S955) t 1464 LGEE 
43 0198 68988 0430 
44 .07423 Sole one ell 
45 1666 - .0056 0364 
46 See 2 5 less UGS 





-110- 


TABLE Col (Goro ee 


ACTUAL AFTER CATAMARAN CROSS STRUCTURE STRESSES (KSI) 


COMBINED 
eee me rt Galiee hi liye yeebwabis BLaysigll ele 20g 
otress SL CS ss) Sbc cas 
47 22820 cI SS 0545 
48 sd le: 70503 0638 
4g O27 . 2693 blige aye 
50 .04199 2126 ples 
B1 5 1328 50.0) Vl MO LSO 
Me 0935 BSS) .1889 
Sys: aes 40 ~4911 s5eCg 
54 —U9J2o{ pep ol RAGS 
MS, Oly SS arse .06774 
56 .1486 093 one 
Di eee ill .00918 .0463 
58 1628 3709 . 03183 
ay, 2 )5 pia so .0943 
60 1629 .0822 .07992 
61 1142 ssiod! moe © 
is2 Mo ole 2789 On 
63 7250 Mower’ plo} 
64 mill io AS 2461 
es .07198 3005 : soe 
66 5 0).5)5) Sk ls oG Babi i al 
67 pL 2 1Ks 2049 ig. 
68 corees 8040 ROSS) 2 
69 WOW Seis .6630 N06 33 
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TABLE C=1 .(Contacee 


ACTUAL AFTER CATAMARAN CROSS STRUCTURE STRESSES (KSI) 


Element 


{0 
(a 
fie 
(3 
74 
(s 
76 
et 
78 
(ie 
80 
81 
82 
38 
84 
85 
86 
eT 
88 
89 
90 
91 
92 


Girth 
Stress 


.0924 
.0389 
.1256 
.02049 
.005497 
.00812 
OU SE 
02174 
sO 2 oem 
es 
.O427 
OH 3) 
.00766 
Onley 
0483 
OLV92 
0246 
0) | 218. 
.01839 
.00866 
.00849 
.0518 
.00838 


COMBINED 


Longitudinal 


SULeSs 
1653 
8871 
ASS 
. 18496 
»1433 
esa eared 
4304 
4654 
mesa Fe: 


ae > 


1 es 


wl ed 
.1476 
. 2066 
eee) fi 
4248 
2 30m 
.8734 
9847 
. 3840 
REIS |i 
4398 
Poles 


Shear 


stress 


1544 


. 3786 
p(otlle 
2g 
sO On2 
.00689 
0416 
- Oagi5 
J0Ge5 
Bere OOM 
ecole 
.09042 
0336 
.00161 
0663 
sO Oz 
H(i isis) 
lGG2 
ee y 
oe 
plies 
.04087 
plore al 
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TABLE C=1 5 (Cong "ae 


ACTUAL AFTER CATAMARAN CROSS STRUCTURE STRESSES (KST) 


COMBINED 
Element Gin LOM ise ticmigaul ohear 
Stress stress Stress 
3 BOS) ILS -.8564 -.02377 
or 0835 -.301 -.2128 
95 POS 2 =l 323 -.291 
96 .05804 -1.940 ~. 3612 
97 .01996 -.203 -.1476 
98 .O404 also -,0393 
99 1016 =—eao BOOS 
100 eye ~.485 Ome 
L@jah .00704 =O eS -.0422 
EO? .0284 ~.305 —,di252 
108) ~1144 -1.164 =~ i552 
104 .001608 -1.366 = Ol o)5 
Gs Ove 2 -.1692 =, 107 
106 ~O4439 -.2064 = 20)2 il 
IDOy, . 1038 -.3524 .05074 
108 gl 1 -.4062 -.03078 
109 .0049 - 5283 = Oo i 
110 0169 = silo -.1129 
Jia Read by Lp = ake | —-.1345 
Nal « CUES / =Liewy -.01672 
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TABLE C-II 
ACTUAL FORWARD CATAMARAN CROSS STRUCTURE STRESSES (KSI) 


SYMM. BEND. MOM. 


Element Cali! al Lonel c uidasacel Shear 
Digtee Ss SUlecs stress 
it ON ONS 5) 3) = U2 0084 
Ee 0053 -.0179 0049 
3 ANOS 8 -.0179 0049 
4 O05 5 -.0102 0084 
.00646 -OO445 OOM 
6 0047 Ole (5 0056 
{ .0047 AONE (abs) 0056 
8 .00646 00445 OC ee 
S, .0433 543 agus 
We 0026 »459 »dOali 
inal 0026 459 eOrl 
4 0433 i516 3 a0l8 
13 .O824 ay 1746 
in sles 465 .065 
a5 lee al 465 065 
16 .0824 ay ~ 1746 
ar / 0139 . 109 0474 
Te OO 5198 Ore AS 
AG 0228 .5198 .0275 
20 .0139 . 709 .O474 
eal wie -~. 7457 gOS 6 
22 eon =, 5903 »1548 
aS FOS O4 ~.5963 »1548 
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TA BIg Hoo lem@ @ ues clea 
ACTUAL FORWARD CATAMARAN CROSS STRUCTURE S732... 


SYMM. BEND. MOM. 


Bye ment Gimee ls Longitudinal Saver sha 
SUress purees sures s 
a4 -.0792 -.7457 . 4136 
25 2164 se 8 S(Ojoysss) 
26 =,2452 =e dege .05976 
Zi -.2452 =e bee .05976 
28 2164 .0979 0638 
29 ious’ -.6108 2084 
30 Sak -.6248 Mee) 592 
ol = 4 deoyay -.6248 pe 8) 5) 
32 .1268 -.6108 2084 
a6 -.0027 -.0118 ~O1009 
34 =. JCC = 02 ike 00343 
op, -.000/7 -.0218 00343 
36 =e Ole ( -.0118 SCL O LON, 
i POGIEG:3 -.0025 0028 
38 -.00508 -.0058 .00042 
39 -.00508 -.0058 .00042 
40 .00163 -.0025 0026 
41 .0384 »5435 ope 2 
re 00146 459 Ore 
4 3 .00146 SSS. ~hO3 
44 .0384 5435 Sey 
Wo lore 0134 0634 
46 Ble a pes Cone ~O446 
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TAR ies aCe maa) 
ACTUAL FORWARD CATAMARAN CROSS STRUCTURE STRESSES (KST) 


SYMM. BEND. MOM. 


Element Gawain Longitudinal Shear 
Suess stress stress 
47 ee Boe 5 1 ~O446 
48 lea = penese .0634 
49 .0906 SS . 19a 
50 ~1305 Dae Os 
pill . 30s oe 0736 
ae .0906 0) “nee 
BB -.0987 -.815 sspales 
54 0225 =. (i 5! 
SD 20223 = (i sl et 
56 .0987 -.815 Mes ll 
oy Bale 2 - .0283 pChonsal 
58 .2576 =, ees Sones 
59 1250 -.4298 ley 
60 Male 1L.2 -.0283 . Ve al 
61 _.1134 ~.606 £2393 
62 .1899 -.6346 Og 
63 .1899 -.6346 SOS 
6 (1134 = 606 2393 
ion BLAS 3 5848 eI. 
66 O91 i MiG: PO Spee 
67 0919 168 Own 
68 . 1268 Malsy ts) 2 al 
69 SOOM: Iie 3a 





ACTUAL FORWARD CATAMARAN CROSS STRUCTURE STRESSES (KSI) 


Element 


ie 


71 


ee 
(3 
74 
{2 
76 
fel 
78 
ft? 
80 
oul 
82 
83 
84 
85 
86 
87 
88 
389 
90 
91 
92 


Garth 
stress 


0657 
she i 
SJa0K0 Ab 
.00602 
.00076 
.00076 
.00602 
Ponce 
02869 
02869 
.00816 
0398 
.00456 
.00456 
.0398 
.0308 
.0134 
men mey.| 
0308 
.00958 
0284 
0284 
.00958 
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Ake hee Cronaye V0.2) 


OYMM. BEND. “Mei: 


Lome Gudea) 
Stress 


ey 
oe a 
.09 
0106 
mG lavas 
SO 
0106 
.2629 
2146 
2146 
LACES 
3403 
fees OS alg} 
BONS aes: 
. 3403 
833 


585 
833. 
624 
. 339 
. 339 


624 


Shear 
stress 


pL Sie 
eines 
Baie 
0126 
- ORIOL 
HOSE OKG 
eal 26 
.O474 
2S 
-O2s 
.O474 
HOGS 1 (0i8 
sO 253 
0253 
06108 
1074 
0544 
0544 
1074 
.288 

0925 
eS) 5 
mPasye 





Say 


TABLE Ti SCCeniamdie 
ACTUAL FORWARD CATAMARAN CROSS STRUCTURE STRESSES (KSI) 


SYMM. BEND. MOM. 


Element Caliereis Longirudina li piteaue 
otress Stress otress 
93 0542 -1.37 rg ie, 
Qu me ile 2 -.816 Osos. 
95 50 Ge -.816 0369 
96 0542 -1.37 .1719 
97 LO0R 3 / — . 3286 >, Oak 
98 ,0633 -.3077 J0 265 
99 0633 = Ui. W265 
100 Tele sisi -— . 3286 J Omkoa 
Jama SOO, - .9928 01a 
102 .0576 - .8403 .0285 
nO 3 Oia -.8403 ,0285 
104 0022 ,/ -.9928 siolakelik 
HO 5 Oi ee =. 5159 0634 
106 0574 -.2566 ~0O469 
nO / Oy -.2566 0469 
108 01426 -.3139 0634 
109 Coie % =. 912 0170 
110 03629 - 6855 .0178 
Jia .03629 =). sUalas 
ial 2 melelonsw; -.912 OIL (8, 
Jhiks BS ie SOUL St .0554 
114 pd Shs 2898 0432 
Tals: os 2898 .0432 
a6 leas Pa desal .0554 





=e 
TABLE C=—isCGConw | ces 
ACTUAL FORWARD CATAMARAN CROSS STRUCTURE STRESSES (KSI) 


ANTISYMM. B.M. + SHEAR 


BHlement Cahienvla’ Longitudinal Ss NEIELE 
ies Stress Sue sic 
ih 10235 Olio SU (i> 
a Rouners 0239 ~.02059 
3 -.0128 -.0239 -.02059 
y Re se -.00813 = 00715 
D PORE / 01299 -.02918 
6 POwzol - ONO) TES) .00143 
{ .00261 -.00579 OCH 
8 -O4747 -.01299 -.02918 
9 03198 -.2092 -.106 
ie .0385 ~.2866 .0748 
Lm -0S:e5 20016 .0748 
ie .03198 Pee -.106 
3 SOLOS 5 -.1667 0369 
14 POS -.2486 -.068 
> eS 2486 -.068 
16 BO puleuars liste yf -0369 
i / BONG Misile -.2804 -.0657 
18 04912 =a 39 -.1194 
19 .04912 ~ 3139 -.1194 
20 One 6 2804 -.0657 
aul -O446 een , OS 
22 0526 . 3789 -.078 
23 S020 -.3789 -.078 
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TABLE C-II (Cont'd.) 
ACTUAL FORWARD CATAMARAN CROSS STRUCTURE STRESSES (KS1) 


ANTIS TMM. =i isto nlBsets 


Blement Gane Gh Lonesciictnat Shear 
Stress DUES stress 
Oy .O446 -.2824 205 
25 O22 -.0584 "O22 39 
26 .0769 -.1096 - Oneenk 
agi .0769 1096 pO ILO) 
28 2152 0584 s02239 
29 = OL e253 .04063 
30 1174 4251 70) Gaal 
oil 1174 -.4251 nO7 3 
Be oleae -.2586 .04063 
53 .00988 00596 .00624 
34 00836 O25 .00374 
BD .00836 =e Only 5 .00374 
36 .00988 -.00596 .00624 
Swf wows Of AOC 1 RAL .0009 
38 00454 .00554 0090 / 
5g .00454 -.00554 Of 
40 FIO) SsOye -.0011 ~0009 
471 Olga = 2002 1069 
He .03918 - .2858 0) (Sis 
43 50 29 )1be' (20 506 Ol Sy 
Hy 0318 2082 1069 
45 01458 00878 ; CARO 
46 ONS Ome Ors 
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TABI C= le G@ omic) 
ACTUAL FORWARD CATAMARAN CROSSSSTRUGCTURE SS IRE Soren cue 


ANTISAMM. B. Ma + SiPEaar 


Element Garin Longitudinal Shear 
Stress stress | Stregs 
47 « Oa 0347 0093 
48 .01458 .00878 sO ak 
ute  OOG22 » BIG 0416 
50 Re)io15)S 2802 mei 26 
Del a 33 ieee . Ofes 
Dic OU Ca2 Basia .0416 
53 OS 2 3095 ; Le 
54 US 2s - .4030 1068 
SD AOS - 4030 1068 
56 0452 3095 2 5G 
Si .02096 SUS 0219 
BO /U9S .0148 O21 sho 
59 - 0955 0148 2 Sis 
60 02096 SCBIEIEG 0219 
61 >. OCaml Be 5) .O491 
62 .0999 Ret es, .0924 
6 3 a sieNs we) 0924 
64 .0081 « em5 .0O491 
D5 0529 Pave, Al 8) les 
66 “0 2iek . Osea ~ 1244 
ON C2 A Jt ~1L244 
68 ~0529 2192 . 325 
69 .0248 pains ore 
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TABIES C-—Li.Commka..) 
ACTUAL FORWARD CATAMARAN CROSS STRUCTURE STRESSES (KSI) 


ANTISYMM. B.M. + SHEAR 


Peeement alieae lal Lonel tiveama lr Sloe sie 
stress stress otress 
Lo -.0282 -. 3667 -.2647 
fell 02e2 ES ood Zoi 
fie O26 qs s -2c (oo 
73 uO526 .0386 .0652 
14 sigs ie © .0479 
is SSE OBES 0479 
76 0526 - .0386 ie 
ey .00858 -.1047 0665 
78 Ome 4 -.0363 ~0129 
{9 .0104  aeio3 0129 
80 OiB55 SOA 0665 
81 016 ee 0843 
82 0042 =.0395 .028 
83 .0042 nO S/2)5 028 
84 2 One sly 0843 
85 OO a = 320 LW 
86 O50C -.354 eh 
87 .0508 .354 mR 
~88 m0) Oya 56 26 125 
89 moiad ~2404 1046 
90 .02098 ~1034 . 0628 
91 .02098 -.1034 0628 
92 sU0 2c -.2404 Oe 





a : 


TABLE C-II (Cont'd.) 


ACTUAL FORWARD CATAMARAN CROSS STRUCTURE STRESSES (KSI) 
ANTISYMM. Boiler soit eeu 


Blement Girth POneruudanal shear 
otress Stress Pieeos 
18 .00378 eon »195 
94 0668 vo Os 25 
95 0668 -.9103 lay 
96 .00378 65 1) .195 
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TABLE C-X 


COMPUTER CALCULATED TORSEON RESULTS (FOR 173 SPEUCii gE 


L/B 
BD 


Ap/Ay 


Element 


IL 


Oyo 


—] 


10 
il 
he 
i3 
14 


.186x107! 
.415x1079 
.588x10-4 
.126x10-4 
ie Ome 
. 18x1073 
. 98x10-? 
.663x10-6 
pean eae 
ny ake 
156x107 4 
.108x10-4 
SSM ee 
.164x1074 
.984x10-2 


*See Figure C-1 for 


Mt=1000ft-tons* 


GIRTH STRESSES 


.157x1074 
.495x107-4 
BL 26 aoe: 
.482x1074 
.187x1073 
joes 
.745x10-4 
DEMO 2 


.635x10-3 


2205s 


525x1072 


. 55x107-2 


221x10-4 


.686x1072 


Mibiscites 


Element Niet ing 


Paley {occ 


_4 


. 54x10-4 
Miele = 


517x107 


De Ome 


NSW 2 


.798x10-4 
.284x1073 
. 68x1073 


1146x1052 


238x107 
PXCIS SIO) — 2 


264x107 


. 95x1072 


114x107? 


sequence. 
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TABLE C-X (Cont'd.) 
COMPUTER CALCULATED TORSION RESULTS (FOR 1/8 STRUCTURE) 
M,=1000ft-tons* 
GIRTH STRESSES 
L/B 5 1.3 es 
B/D , 3.0 3.0 3.0 
A o/ Aug 3.5 3.0 3.5 
Element 
16 .645x10-4 .102x10-4 fH Lege 
Ly .455x10-4 CaupslOe 4 +.657x10-4 
18 . 18x10-4 204x10-4 B21 1.0! 
19 0 0 0 
20 
aa 
2 
25 
24 
25 
26 
Za 
28 
2s 
30 


*See Figure C-1 for Element Numbering Sequence. 





Se 


TABLE C=X 1( Come ce) 
COMPUTER CALCULATED TORSION RESUBTS (FOR 1/7Geot ue clea 
M,-1000ft—-tons* 


LONGITUDINAL STRESSES 


L/B 15 NS 
B/D 2,0 3.0 3.0 
Ap/Ay 3.5 3.0 3.5 
Element 
1 oboe -.377x107" 4005x1074 
2 -. 8x1074 ~.985x10-4 Blo co—" 
“5 3x10-4 ~.646x10-4 .692x10-4 
\ ~ .688x10-5 .145x10-4 .157x1074 
5 e107 > .384x10-4 -406x1074 
6 oO => 5 Seles Ghibli 
7 = Asal Pura 2G ae 
8 .159x1074 .764x1073 .814x10-4 
9 Wer ee SNS 310-2 PiAg rg S 
10 .975x10-4 .148x1073 .159x107> 
Lak 48h4x10-4 .826x10-4 .886x10-4 
Le -151x10-4 2263x1074 .287x10-4 
13 .266x10-3 PLMe\(/rcll(Oheee (132 x10me 
14 rises asec eae = 
5 Gato 867x107" 926x107" 


*See Figure C-1 for Hlememt Ntmitering Seqwence. 
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TABLE C= seme dee 


COMPUTER CALCULATED TORSION RESULTS (FOR 270 s1n0c ULE 


L/B 

B/D 

Ar/A,, 

Beaement 
16 
Ly 
18 
ue 
20 
2M 
22 
23 
24 
2) 
26 
27 
28 
Zu 
30 


M,=1000ft-tons* 


LONGITUDINAL STRESS&S 


5 ies » Beige 

3.0 3.0 3.0 

3.5 3.0 3.5 
SNM eA Ges .716x1073 .767x1073 
20urelo 2 .405x10-3 434x10-3 
.616x10-4 .131x1073 pifliisel@ 3 


0 0 0 


*See Figure C-1 for Element Numbering Sequence. 
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IVE ee re Eerie 2Cl 
COMPUTER CALCULATED TORSION RESULTS (FOR 1/8 STRUCTURE) 

M,=1000ft-tons* 

SHEAR STRESSES 
L/B me vee es: 
B/D B10 320 B20 
Ap/Ay 3.5 Sic Bie 
Pebeme nt 


i ~.263 -~.263 ~.263 


NO 


a a © 0 


On U1 


\O 


10 =o Sah -.263 a4; SHlea 
a. 
V2 
3 
14 
IES; 


*See Figure C-l for Element Numbering Sequence. 
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TABLE C=) (Comin! cea 


COMPUTER CALCULATED TORSION RESULTS (POR cyan UG iin 


L/B 

B/D 

Ar/Ay 

Element 
16 
14 
18 
Ws, 
20 
2a 
2A 
aS 
24 
25 
26 
Z| 
28 
2g 
30 


= abe 8 


M,=1000ft-tons* 


SHEAR STRESSES 


-.263 


= Fhe Also) 


*See Figure C-1 for Element Numbering Sequence. 
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